Male Djungarian hamsters, Phodopus campbelli, are naturally paternal and actively participate in the birth and care of growing pups. Males undergo hormonal changes several days prior to the birth of their pups. Although these changes cannot be attributed to pup stimuli, they are nevertheless essential for the expression of complete paternal behaviour during and following the birth of the litter. We conducted two laboratory experiments to test the hypothesis that cues from the pregnant female are important for the expression of midwife and paternal behaviour in Djungarian hamsters. In experiment 1, we allowed pairs to mate, then removed the sires and housed them in separate cages in the same room as their mates. We then either reintroduced the sires 5 min later, or on the evening before the birth of their litter, or we did not reintroduce the sires. In experiment 2, we replicated the treatment of housing the sire and the female in separate cages in the same room until just prior to the birth of the litter, but we added another group of sires that were housed in a different room (with independent air handling) until just prior to the birth of their litter. Male behaviour was not altered in any of the treatments: (1) reunions just a few hours before the birth were free of aggression; (2) males participated as 'midwives' during the birth at levels similar to previous studies; and (3) males provided extensive paternal care during pup growth, staying with pups on the nest during development and rapidly approaching, contacting and retrieving a 3-day-old pup that was experimentally displaced from the nest. We conclude that physical, olfactory, auditory and visual stimuli from the pregnant female are not necessary for the expression of paternal behaviour in this species. Alternative hypotheses, including the hypothesis that paternal behaviour does not require external stimuli, are worthy of exploration.
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There are many stimuli known to influence the expression of paternal behaviour in male mammals (Clutton-Brock 1991; Brown 1993) . In addition to male experiential factors (e.g. prior social experience or prior sexual experience; Perrigo et al. 1991) and stimuli directly from the young, males might be influenced by femalederived stimuli (physical, chemical, auditory or visual) (Brown 1993) . In obligately biparental species such as the California mouse, Peromyscus californicus, the essential cues are derived from the female. Exposure to the pregnant female's urine enhances paternal behaviour and cues from the female maintain postpartum paternal responsiveness (Gubernick & Alberts 1989; Gubernick 1990) . In addition to influences on paternal behaviour, stimuli from the pregnant female are important for the suppression of male infanticidal aggression in paternal (e.g. Mongolian gerbils, Meriones unguiculatus: Elwood 1977 , 1980 and nonpaternal species (e.g. house mouse, Mus domesticus: Elwood & Ostermeyer 1984; Elwood 1985 Elwood , 1986 . In contrast, contact with the female is not sufficient for the expression of paternal behaviour in seasonally cohabiting meadow voles, Microtus pennsylvanicus (Storey & Walsh 1994; Storey & Joyce 1995) . Instead, access to pups is a prerequisite for paternal behaviour and the pregnant female is intolerant of males that have been absent during her pregnancy (Storey et al. 1994) . Therefore the stimuli that influence male parental behaviour are diverse (Brown 1993). They also act on male behaviour through largely unknown mechanisms. However, there is recent evidence suggesting that hormonal changes in naturally paternal male mammals might be involved.
The hormonal changes of pregnancy are important components of priming and activating mammalian maternal behaviour in laboratory rodents, nonhuman
